We theoretically analyze the quantum vorticesthe zeros of electron wave function which are formed through atom ionization by ultrashort laser pulse. In 2D space we consider the case of above-threshold ionization of hydrogen atom and in 3D space the ionization of the atom in the zero-radius-potential approximation. With the help of obtained analytical results we make the assumption that localization of quantum vortices in 3D space can be predicted by analysis of 2D model.
where the first two terms relate to unperturbed atom and last term represents the interaction between this atom with dipole moment d and classical electric field   Et. In this paper we modulate ultrashort laser pulse as a linearly polarized field     x E t e E t  with the following time dependence of amplitude
where  is the frequency, T is a pulse duration, 0 E is a constant amplitude and  is the Heaviside step function.
Here and further we use dimensionless quantities, i.e.: 1 e em    .
2D-hydrogen atom ionization
In our previews paper [2] we applied time-dependent perturbation theory to 2D-hydrogen atom ionization problem and obtained the probability amplitude that the unbound electron have arbitrary projection of the momentum on one axis with fixed zero projection on other axis. Here we generalize this amplitude and present expression for the case of arbitrary orientation of momentum
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where , (1,2) ,10 km bt are presented in [2] . The upper indexes "(1)" and "(2)" correspond to first and second orders of perturbation theory respectively. The amplitude (3) as well as the same amplitude in [2] was found in the approximation of one level 2D-hydrogen atom and by replacement of Coulomb waves by cylindrical waves. One of the reasons of such approximation is that the above-threshold ionization was considered.
Let us remind, that for given laser pulse (2) we observed quantum vortices as zeros of amplitude
in the ordinary space). These zeros were interpreted as interference of unbound electron states which are result of above-threshold two-photon ionization through intermediate states of continuous spectrum.
ZRP atom ionization
In the 3D space we consider the electron bound initially by ZRP:     U r r   . When 1   then the energy of a single discrete state is equal to the ground state energy of 2D-hydrogen atom. The exact wave functions related to continuous spectrum of electron in a field of ZRP are spherical waves. These facts led us to the idea to compare results from above problem of 2D-hydrogen atom ionization with the results obtained from a model of ZRP atom ionization in 3D space.
Doing the same manipulations as in the case of 2D-hydrogen atom [2] , we obtain the probability amplitude that the electron initially bound by ZRP after interaction with the laser pulse (2) become unbound with arbitrary orientation of momentum in   , xy kk plane while 0 
where matrix element   
Results
The comparison between 2D and 3D analytic solutions (3) and (4) is presented in Figure for 
Conclusion
In this paper we tried to identify the localization of the quantum vortices in three dimensional space by analysis of the problem with lower dimension. We previously reported about vortices identification in the model of 2D-hydrogen atom ionization by ultrashort laser pulse [2] . As a first step to the theory of detection of vortices in 3D space we considered zero-radius-potential atom affected by the laser pulse. The comparison of these two problems with different dimensions showed some coincidences in the behavior of the corresponding probability amplitudes. These coincidences probably indicate that the localization of the probability amplitude zeros, which can be associated with the quantum vortices, may be in the neighboring region of 3D space.
